Introduction
Following the breakdown of the former Soviet Union and its communist system in the early 1990s, the countries of Central and Eastern Europe (CEE) have gone through an unprecedented economic and political transformation. Following an initial and unexpected significant decline in economic activity, these countries have achieved significant economic growth starting in the mid-to late 90s. One of the We estimate the determinants of labor productivity growth in 8 new European Union (EU) member states that joined the Union in 2004. Our focus is on the impact of globalization and EU integration efforts on labor productivity growth. Previous studies test the impact of trade using either exports or trade openness. We also test the impact of imports separately on labor productivity growth. Using panel data for 1995-2006 period, we find that globalization has mixed effects. FDI and exports improve productivity, but imports hurt it. Regarding domestic variables, we find that human capital is the most important source of labor productivity growth in the new member states. There is also considerable adjustment of labor productivity towards EU15 levels, indicating significant ''catching up'' and hence real convergence. Policy implications of the findings are also discussed.
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interesting features of this growth pattern has been the significant increase in labor productivity. According to the World Bank, during 1999 Bank, during -2004 , the growth in labor productivity raised income per capita in CEE countries more than that in employment and population (World Bank Report, 2008) . At the same time period, CEE labor productivity has grown at a rate greater than many other emerging and developing countries, including Russia and Ukraine (Rada and Taylor, 2006) . In this paper, we study two related issues for 8 CEE countries that joined the European Union (EU) in 2004, namely: the Czech Republic, Estonia, Hungary, Poland, Latvia, Lithuania, Slovakia and Slovenia. We will refer to these countries as the CEE8 in the rest of the paper. First, we investigate the determinants of labor productivity growth. Second, we test whether there have been some advances in labor productivity level towards that of core EU (i.e., EU15). Given the significant growth in their labor productivity, it is important for policymakers and other stakeholders to understand what factors have driven such growth. As the eventual goal of integration is the increase in standards of living to EU levels, further improvements in labor productivity play an instrumental role in satisfying such an economic (also historical and political) objective. This will facilitate the catching up (or real convergence) of CEE8 countries to the income levels of the core EU members. Evidence on such real convergence has important implications for the design of an optimal policy towards the entire euro zone. Within the new and candidate countries, significant progress toward per capita income convergence is seen as key in securing the political assent of the population to both transition and membership in the EU. For the EU countries, such income growth is important if excessive population movements from the new members to the old are to be avoided and if the EU's budget is not to be strained by transfers to lagging economies. In other words, real convergence has significant fiscal and monetary policy implications (Kutan and Yigit, 2007) .
In a broader sense, the main objective of this paper is to better understand the implications of integration and globalization on labor productivity. We also account for the impact of domestic variables, namely, human capital, research development expenditures and domestic investment, which are all closely related to domestic policy-making. Given our objective, we believe that examining the case of CEE8 countries provides a unique study, as the integration efforts have been associated with significant internationalization activities as well. As former communist economies, they not only had to integrate their economies quickly with the West to survive the hardship of the former economic system, but also assumed the task of reaching the EU standards. The experience of these new EU members may provide important lessons for the candidate countries as well as other emerging economies.
Another important feature of our paper is that we test the individual effects of exports and imports on labor productivity separately. Recent literature has mainly focused on exports (Melitz, 2003; de Loecker, 2007) and FDI (Borensztein et al., 1998; Xu, 2000; Javorcik, 2004) to explain productivity changes. There are only a few available studies that investigate the direct impact of imports on productivity and the cross-country evidence on the issue is mixed (Blalock and Veloso, 2007; Kasahara and Rodrique, 2008) . To our best knowledge, there is no aggregate country-level evidence regarding the import-labor productivity link for CEE8 countries. In the next section, we explain our theoretical framework. Section 3 further motivates the study by discussing the evolution of potential factors that might have affected the labor productivity growth in CEE8 countries. We also refer to some related studies that examine the determinants of labor productivity. In Section 3, we describe the data and discuss the estimation and the findings. The last section concludes with policy implications of the findings.
Theoretical framework
We borrow our theoretical framework from Bernard and Jones (1996a,b) and Cameron et al. (2005) , who show that productivity growth of countries (or industries) is the result of domestic innovation or 1 The only study that we have found is a recent unpublished work by Halpern et al. (2006) , who employ a panel data of Hungarian firms to test the impact of imports on productivity. The paper argues that imports influence labor productivity through a quality and a variety channel and provides empirical evidence supporting that. technology transfers from frontier countries.
In Eq. (1), A Ft and A it represent the technical efficiency or productivity of the frontier and country i, respectively, while k i is the country specific innovation and g i is the rate of technology transfer from the frontier. We select EU15 countries as the relevant technological frontier for the CEE8 countries to specifically observe whether the size of the gap enhances the rate of technological spillovers to these recent new EU members from their more productive counterparts. As in Cameron et al., we assume that both k i and g i are time varying and determined by R&D, international trade (imports) and human
where Z i is the vector of the above mentioned variables. 2 While R&D raises the rate of innovation, human capital proxies for absorptive capacity of technology, and finally, trade controls for the rate of technological transfer. In our study, we also include exports and FDI as other international channels of technological spillovers and domestic capital formation to account for the productivity impact of the varying utilization of physical capital over the business cycle.
Regarding R&D expenditures as a driver of knowledge and innovation, Coe and Helpman (1995) find a significant link between productivity and R&D capital stocks in EU countries. Engelbrecht (1997) extends Coe and Helpman's study by including a human capital variable to capture innovation, which may not be accounted by only R&D capital stock. They find that, besides R&D, human capital plays a unique role in affecting economic growth. Using data for several OECD countries, Griffith et al. (2004) confirm the importance of R&D and human capital in the growth process. Their results also indicate that R&D is important not only in innovation but also in technological catch-up.
FDI can improve labor productivity by serving as a supplement to domestic investment. Much of the FDI that came into transition economies has been used to purchase existing firms rather than to finance new Greenfield investments (Brada et al., 2006) ; however, even FDI used for mergers and acquisitions has a positive effect on domestic capital formation (Šohinger and Harrison, 2004) because investors do contribute additional capital to their acquisitions. Moreover, as Hunya (1996) shows in the case of Hungary, foreign firms have higher profits and reinvest a much higher share of it than do domestically owned firms, thus increasing capital formation in the future. Another benefit of FDI is that it brings in new technology and managerial skills (Brada et al., 2006) . Thus, foreign-owned firms are likely to be more productive (Hunya, 1996; Sgard, 2001) and to use more advanced technologies (Voicu, 2004) . Moreover, there are likely to be important spillovers of these technologies and managerial skills from foreign-owned firms to the domestic economy.
3 Javorcik (2004) finds evidence for the existence of backward linkages between the downstream suppliers and the MNEs in Lithuania. Borensztein et al. (1998) and Xu (2000) argue that FDI's growth impact goes beyond its influence on total investment; it also depends on the stock of human capital in that country, suggesting that the benefits of higher FDI are realized not only through capital accumulation, but also through efficiency gains. All these factors associated with FDI are expected to improve the labor productivity in CES economies. Melitz (2003) demonstrates that greater trade openness (especially exports) raises industry productivity via selection and production re-allocation effects. His model shows how trade will induce only the more productive firms to enter the export market and force the least productive firms to exit. He also emphasizes that the industry's exposure to trade will lead to inter-firm reallocations towards higher productivity. De Loecker (2007) finds further evidence for this idea using Slovenian manufacturing firms in his analysis of the changes in firm productivity when they start exporting. Controlling for the self-selection into export markets, he finds that export entrants become more 2 The time period subscripts of the explanatory variables rely on their speed of transmission and will be discussed in the data section.
3 Fan (2002) provides a useful survey of the literature on technology spillovers in transition economies. Aitken and Harrison (1999) and Blomstrom and Persson (1983) provide useful case studies.
productive once they start exporting and that the productivity gap between exporters and their domestic counterparts increases further over time. Theory also indicates that imports have a positive impact on labor productivity through technology spillovers. However, the empirical evidence on the impact of imports on productivity is scant and mixed. For example, Kasahara and Rodrique (2008) , Blalock and Veloso (2007) , Fernandes (2007) and Halpern et al. (2006) report positive effects of imports on productivity for plants or firms in Chile, Indonesia, Colombia, and Hungary, respectively. On the other hand, Keller and Yeaple (2003) find a negative impact for US multinationals and Muendler (2004) reports no impact on productivity for Brazilian plants. Overall, imports may have a positive or negative impact on productivity, depending upon (i) the composition of imports (i.e., high-tech or consumption goods), (ii) the relative cost of imports with respect to local substitutes and (iii) the relative usage of imported intermediaries in production with respect to domestic intermediaries (Kasahara and Rodrique, 2008, and Blalock and Veloso, 2007) .
Besides country specific innovation variables (k i ) we discussed above, the theory outlined above also emphasizes the rate of technology transfer from the frontier (g i ) as a determinant of productivity growth.
Based on the discussion above, the testable equation becomes
Again Z t vector includes globalization variables (exports, imports, and FDI) and domestic innovation variables (human capital, domestic capital formation and R&D expenditures). The distance variable, a proxy for the rate of technology transfer from the frontier, is measured by the absolute value of the log ratio of productivity of country i to the productivity of EU15. Hence, as the productivity gap between country i and the frontier EU15 widens, this ratio grows smaller, making the absolute value of the log a larger number. With larger numbers, or a larger gap, the productivity growth of country i is expected to be faster, indicating a positive coefficient. Our a priori expectations are toward finding a positive coefficient for all of the ''innovation'' variables in the model as well (with the possibility of a negative coefficient for imports).
3. Evolution of labor productivity in CEE countries and globalization factors Fig. 1 shows EBRD data on labor productivity changes in industry for CEE8 countries. Although there have been periods of productivity slowdowns in early years in some countries due to events such as financial crises (i.e., the Czech Republic in 1997) and other country-specific events, the overall trend is positive. The biggest productivity increase took place in the three Baltic States. The net cumulative productivity change during 1995-2006 period was 108.6, 103.5, and 92.7 percent in Estonia, Lithuania and Latvia, respectively. Hungary and Poland are the next biggest productivity gainers in the region with a net cumulative gain of 74.6 and 67.8 percent, respectively. The other three CEE8 countries, Slovakia, the Czech Republic and Slovenia, had the lowest net cumulative productivity growth of 48.7, 44.6 and 40.4 percent, respectively. However, all the CEE8 countries outperformed the net cumulative productivity gains in EU 15, which was 24.2 percent during the same time period.
One of the most obvious reasons for growing labor productivity in the CEE8 countries is the significant amount of FDI flows (Fig. 2) . Estonia, which has the biggest increase in her labor productivity, and Hungary, another significant productivity gainer, also received the highest average FDI flows with respect to GDP during our sample period, which was about 8.1 and 7.4 percent, respectively. Estonia's success is attributed to its potential market growth, the ease of access it affords to neighboring markets, the revision of FDI-related laws to create a transparent and nondiscriminatory legal regime, and an expansive privatization process (OECD, 2001) . Unlike Estonia, Hungary was an early leader in FDI inflows, in part because of its more sophisticated economic relations with the West before the transition, which led many foreign investors to view Hungary as a country that had the infrastructure and economic savvy to accept foreign investments. Another reason for Hungary's early lead was its privatization strategy, which made sales of state-owned firms to foreign investors the preferred path to privatization (Brada et al., 2006) . The Czech Republic attracted the next highest level of FDI inflows (5.71 percent of GDP), followed by Latvia and Slovakia (4.8 percent each). The remaining three CEE8 countries received relatively smaller level of average FDI inflows than the others during 1995-2006, namely, Lithuania (3.6 percent), Poland (3.5 percent) and Slovenia (1.9 percent). During the same period, EU15 countries received average level FDI inflows of about 2.3 percent of their respective GDP. The observation that those CEE8 countries with a relatively smaller share of FDI in GDP still exhibited large productivity gains suggests that there are other forces in play affecting labor productivity, such as international trade.
Figs. 3 and 4 show the evolution of exports and imports of CEE8 countries during 1995-2006. Although there was some volatility in the early 1990s, there has been a stable and upward trend in 
Methodology, data and results
The sample period for the estimations is selected to be between 1995 and 2006. The productivity data is obtained from the ''Transition Reports'' of the EBRD (change in labor productivity of industry), while the rest of the data comes from AMECO of the European Commission's Directorate General for Economic and Financial Affairs and the EuroStat. The indicators are divided between domestic (R&D Fig. 4 . CEE8 imports. expenditure, investment and secondary education) and international (productivity gap, imports, exports and FDI) variables. They are calculated as a percentage of GDP except for Education (% of population) and for Productivity Gap (referred to as Distance in the regressions) as the absolute value of the log ratio of productivity of country i to the productivity of EU15. Table 1 provides descriptive statistics.
The estimations are carried out using a fixed effects panel estimation correcting for potential heteroskedasticity in the cross sectional dimension. The time lag for the explanatory variables are Table 2 . Analyzing the descriptive statistics in Table 1 shows that the variation in the distance and R&D variables are very small compared to other variables in the model. Consequently, we address the high level of correlation between the two variables ($0.9) by regressing distance on all other explanatory variables and using the auxiliary regression residual as the proxy for this variable. The first column in Table 2 shows the estimation of Eq. (3) without the interactive terms. The results show that the implications of our theory are mostly true. The rate of innovation in the CEE8 economies seems to be positively affected by the absorptive capacities (both domestic and international factors) of these economies. Among the domestic factors, the R&D expenditure of the CEE economies does not have any impact on productivity changes. However, secondary school enrollment ratio has a very significant effect on productivity changes, implying that higher education levels improve the environment for technological innovations. We also include fixed capital formation to account for the productivity impact of the varying utilization of physical capital over the business cycle. Although its coefficient seems to be insignificant, it contributes to the overall explanatory power very significantly, hence we opt to include it in our regressions. Its positive coefficient indicates that increases in the utilisation of physical capital over the business cycle lead to a rise in productivity.
The international factors in Table 2 also seem to play quite important roles as the determinants of productivity. Initially, the distance variable, i.e., the productivity gap, has a significant and positive sign, which implies that widening of the gap to the frontier leads to increases in productivity of the CEE countries. Second and as expected, the exports variable has a positive significant coefficient, validating the Melitz argument of increasing productivity through selection into the export market. However, imports seem to have a negative effect, likely due to a combination of high-cost of foreign intermediaries relative to domestic intermediaries, a relatively higher usage of the latter in domestic production and other relevant factors. FDI on the other hand has a significant and positive effect on productivity, confirming the claims of technological spillovers or labor force training.
The other columns add the interactive terms in the regression equation one by one. Again to resolve the problems of using the interactive term with its individual components (Ozer-Balli and Sorensen, 2008), we use the residuals from an auxiliary regression of the joint term on the individual parts. Both the signs and the explanatory power of the model show that these terms are not too relevant to increases in the industry productivity. The interactive term for R&D especially is problematic (again probably due to low variation) and moves the R&D parameter wildly, hence is kept out of the rest of the regressions. These results show that the technology transfer rate is not affected by domestic and international variables accounted for in our model. We need to be cautious in interpreting these results, especially with the interactive terms due to declining degrees of freedom and little variation in the distance variable. We run robustness checks especially for endogeneity. 5 For endogeneity, we run Wu (1973) test to find that when we use the contemporaneous values for the independent variables, we do not run into endogeneity problems. The second test we run is dynamic panel data estimation due to the possibility of industry growth being very closely related with the distance variable constructed by using output per labor. These tests also show that the standard errors of the coefficient estimates increase but their signs do not change.
Conclusion, policy implications and suggestions for further research
We have examined the role of innovation and the rate of technology transfer in explaining productivity at the industry level in eight Central and Eastern European countries that joined the Note: t-statistics are reported inside the parentheses. Distance represents the last period's productivity gap of country i (in absolute value of logs) to EU15. All variables except distance are measured in percentages (of GDP or of population).
Union since 2004. Innovation variables are divided into global (FDI, exports and imports) and domestic (education, R&D and investment) factors to determine whether globalization and integration factors have contributed to labor productivity more than domestic ones. Technology transfer rate is shown to be related to the distance in productivity levels between individual CEE8 countries and EU15 and is also used as a proxy for convergence in technical efficiency.
Regarding international innovation variables, we have found that all factors play a significant role in explaining labor productivity. However, FDI and exports are found to increase productivity growth, while imports reduce it. Given scant studies on the impact of imports on productivity and mixed available empirical evidence, our findings may shed some light on this highly debatable issue now. Our evidence is at the aggregate level and some policy can be deduced from aggregate impacts, but further research at the micro level is certainly necessary to better understand the imports-productivity link in CEE8 countries to help policymakers design policies accordingly.
Regarding domestic innovation variables, we found that education and investment variables are significant and positive, while R&D is not. CEE8 countries have a highly educated and skilled labor force and our results show that this factor has been instrumental in improving productivity. Relatively small amount of R&D expenditures (about 1-2 percent of GDP) in CEE8 countries may explain why this variable does not contribute much to labor productivity.
With respect to technological transfer, the evidence indicates a positive and statistically significant impact of distance from technological frontier on productivity growth, indicating significant technology transfer facilitating ''catching up'' by CEE8 countries towards EU15 productivity. However, our international and domestic variables do not seem to help facilitate this technology transfer. We attribute this unintuitive result to the relatively small number of observations we have.
Overall, our results suggest that globalization and integration factors affect labor productivity growth directly through rates of innovation, if not indirectly through distance from the technological frontier or technology transfer. An important policy implication of the results is that further policy attempts geared towards designing innovation-encouraging policies would have significant payoffs. Research at the micro level on the potential sources of the effects of imports on productivity would be useful. Our finding that variables typically used as determinants of productivity (such as R&D, international trade, FDI) may not facilitate technology transfer suggests that there may be some informal channels present, such as the role of informal economy. Further research using longer samples and including more formal and some informal indicators of technological transfers from the frontier is necessary to generalize the findings of this study. We hope that our results provide some yardstick which can be used for comparison purposes.
